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Research on the social benefit evaluation method of UHV power grid

GAO Fan, WU Jun, LIU Dichen, WANG Kai, ZHAO Yu, ZHU Xuedong
(School of Electrical Engineering, Wuhan University, Wuhan 430072, China)

Abstract: With the rapid development of UHV power grid, social benefits as part of economic benefits can not accurately
assess the social benefits of UHV power grid. In order to accurately assess the social benefits of UHV power grid, social
benefits assessment model is introduced. Social cost and social benefits assessment index are provided in model, from
vertical and horizontal social benefits of the three options are assessed through comparative assessment methods,
scientificity and particularity for social benefits of UHV can be reflected through vertical and horizontal assessment. At
last, the evaluation model and method is verified and analyzed through the analysis of engineering projects.
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Fig. 1 Social benefit estimation model for UHV grid

|

|

|

ﬂ |

— RERRAE |

s | IR W ok
|

|

|

MNTIT T LAAS BI4E 5 s H 9 R A 2 A
E, =22Eik+zE1i (1)

e 1 FoRE i DNEERARAN LG E, R0 i A
(LA & AN E, Fore i AMARRAR .
e Hs L R R4 25 i s A
E =E,+E, )
X, E g E, AU g e sl i gt .
M AT PAAS 2 H BAt 25830
E=E, —E, 3)

2 #HSWEHITFEIERER

2.1 gEP R ER
Fa A7 gy ot 1 kW LA T DLAIES (1) 734 74
AT B G fur HhC R HL A B Pk 2k 2 A
E, =8,4x¢, “4)
s e, A 1kWh HLEERIE PP P M3 aE s S, M
YR L H 462 21 71 fuf PO PR L BE
2.2 G EF A S 7
ALV 0 38 T MU 2% 2 R ] gl b R 2
W or . Horp, EH4EOARYE b E AL S RE B D
Pl A B TR G, 1 AT
PLEIE Y 1159 J5ANE R0, FEAS b i A7 42
B E RN E RN, v LS 2] Bl h
Egy, =Ty xN,, xc, (5)
e T, NHIE S, FHEER] G O H % 2
N, NEARIEER A SG ¢ A AKIE RN,
V) F e Ml A 2 i i R RS B 97 A HP OV R R FE R
IR BT SO SR e A
Qﬁ=&quxn (6)
i, n HBREASSEENES NI E BN .

3 HESHATEIERER

3.1 BERHSHRAITMGIERER

B G RN A 24 2T R R 3R,
D15 G HEBOL ORI BE L R A BT A AL 2
AT 8 1 A A 2y R vt P L A gl 2>
MBS R, AR IIAEI A . B A
FE96 BEBRHE BT 2y AN 5 e HE O BLs A .
HBRHE T By A A B R S R i
TR AR R R I RSO A ) CO,
HEBAZ Gy A DY #7396 B S B HEBOSA 32 22
SR R AR NOL V7R B HEISORAS o




_14- CE R R R EEL

E =(F, +F+F +8, mk)c+

S, (myk,c, + kyey + myk,c,) @
e FLF L F b Fliasis TR migbix
BRHEBCR " ¢ b CO G HEMEMHE: S, IR
s ks ks ks k230N COyv NOL. V57K A
(49 2R s MR PR I BE P £ 1) CONO,s
VKM B HEBCRBATIT R opn v ¢ 200 i Bt

PR my R 1 KWh IR FEREE .
P 2 — A — A A YR 55 1 K B R T ke
Z IS, b3 e Y S A7 Ay e SR 3 ) S
A, AT AT G SR RS H IR 2 s O A
T RCRER O, T Fon Az gy, ART IR
Rl e — AN YR AL & DR PRI REYR A
T AL AT RF SR A RE o v s FL DY PR e e AR 47
(R 3 e TR s Hs L TR 1) BB e AR T i
VIS KA IR KBRS I A AT R HL 8 YT FE R
A=Y o F A RE YA i B AS F 45 M A R AR
E,=ER,+ER, =S,.P. + Z (Sye=Syer )mTCIM.ni (3)

Ref: ER,, EP, SRR S, il
Tk A L [ B fr L A R R RE s K
R p, A A A R AR A R
K LSS R ¢, S TR izt
A o, ARG T H @R s g8 tedls m, Ak
FEL S A A R~ 380 e PR

BK BRI FERCA N

E, =S xV xc, 9)

Kb VORBRALR FEKE: o IEALK I HE o

R FL YA A FE A R RS AR iy P A A ik
AR R FAERRE A =B 7 2 o

E, = Z uLme, + ZoliLiSweAcL +8,.mC,  (10)

A g, AT T i 38R ) A B S TR 5
A NRF TR AR m 4 RS IL 2
Aif FHOL B T R ¢ o BEURIE LS Dy p LR R
Mo A, J9 5 HEE B RINER BN ¢, b
BT RSO A N, A R
FELE DA BB = (1 E K,
b BRSO T P 48 B I T R B AT R
o 5 et s HLL A ) A B 5 B R o O ol A
AR L) A SAS PR 73 FLrb, i LR i B I
AR ] AR I A SE i LA 21, FUsA
E, =L xK;xS8;xMg (11)

X L SRR TR IR D et 2e i K
B Ko AR TORERLL S, 2 e
I HE TR h R Mot H I RR T
AN AER A,
N
E6=ZcziXMiXRi (12)
=1

R ¢, A RENEHEH I S o A -
Fes M, AR IR TR R
AR IEEHLACE: N R AR

R ESE A FKE, BRI AT A %
SR A PR S T A A
RGN 0P T R o 9
BEEEN. NIRRT ) Y
AR BT A VAR
E, =8, xny% ¢+ 3 ny X1, xmy xS, x¢,  (13)

ey RIKWh A TAEA RS o R
U ARSI TRy Al T H G A
TAENGHG ¢, WASH TR FRSHA T T,
i L 2t AE G N ) B SR S S i Rk
ARBATWARABAHE NI T GEIRERAS, HSeA Ny
E8=ic,¢><Li><ﬂbk+nw><L,.><cW (14)

s e, A L e AT K B R AR BIT 75 N T 5 5
A A AERARM A 7y 2t v 2 B A K L) s
TR R R KIS YRS N B E: o, TRIE
ITHEAE N AT Tt .
3.2 [EEMRAIFMGIEFRAR

FAE E s B E R RN, R i W g s
7E 52.5 dB(A)LL FHEATHIF, 52.5~59 dB(A)f1 7>
BHF, 59 dBA)LL B RERVFY. Hik, 4
HL 2 PR A A F) 52.5 dB(A) N7 dE 47 A Ab 3
FE] P A1l 4 R e it m W e RS R AT T ORI, SR
(10132 F Ak €8 5% 1k 3 A7 % 5% 1) m] Wy W 7 (1) B4 35 (A
7. WS FEEHSHEEE 13 AR T
A3, DTS o s A R B 10 ] W Tt s g4 7
W SCER[E T BEBE I 45 G AT L vk 4
HAT T S H TG DL N R e s L i L
AW IR PSR T VE, Re s AR i e O e i 48 i
522 H TR I IR R T BOR 2 7%, SCilk[12]38
TE6 B LA T B IR T SRR LR B M S, T
AR A AT VR, T8I 5 SE R U T4
LEA3 75 21 BPA 2 AT ST RE SIS BRTG 5L o



o v s LR A S R PP T - 15 -

1201g g +26.41gn+551gd -
11.41gD—-128.4 n>3 (15)
1201g g +551gd —11.41gD-1154 n<3
b g NI KR REFIE: n R LR
B d AR FLES: DA SR R SRR
o N T B A L e R TR R, SR R
REFERIEAR BN R T LKA H . BN &
LR 7> 224 ] PEATIE  2k FR 0T - 2 R BE 4 s
PR, AERRE RIS R AR, AR D
Ko IXFERTAF R FAG 1 dB(A)# 2L 2 HI N

NO
Ej=min{ee,,e,} = min{ZLi x (g, —&)xn,,
i1

SLA =

. . (16)
ZLi x & x(n, _nl)’zl‘i x (&, —&)x(n, _n1)}
i=1 i=1

X e,e,e ML EHS BH. 2R
ER B T e, &, 2000 by D v 48 ik AR 50 i 1
ML P ZR AL AN sy, m, 2300 K D i PR
RISt J i L e i 1) 40 B R 2 B H
TXFE AT AT 2155 21076 BRI AR
%S&4—525]+DXE; SLA>52.5
E, = (17)
0 SLA<52.5
WE A GERF AL, BRI )22 N H 48
Tr R R B AR IE,  SCHR[ 1177870 7% 1E fi ) R G0IR
A RN E PRI 52000 DA 22 4 b5 20 B P P A 7 Tk
ATATE VAL, SBR[ 120ARH 458 FR O BBOR A3 i F
IS 18] I 45 55 Py s 45 H I J PR A 2 40 R AR B 4 28]
HH T A F IS TR 7, 365 1 PR 4 AL 2 A R AR Ay

P/,'XLIL'

E, = Z E\xT, X:B,-' (18)
=1

A p, AL AE100 km/a (RIBEIRCEG L)
5k SRR KL 2L E 1 S
PRSI SRR T BRI IR B/

D SRR R A AT -

4 BHISH

SABIE I HE— 1000 KV 45 A i TRE, TF%
F B R AT i) 47 A O T FELBE 70.6 12 kWh,
2R FH 8x LG -630/45 , ZiiH4 K 640 km, I A(fiE
PsiEEHh) 2 B L 360 km, B 2 C(Hi H1l)
BRI S 280 km, TREERSFEH 57 12t
4.1 AW EITME

8 7] B af HPCVRTIE 70.6 12 kWh HLBEC T [R)
BUT, AKHE 1 kWh HLRE RT3 3.943 J0 s A
PSSR RS = S S R SA RSN N A G5 R N

N E RN AL ER 1 kWh HLREFT At
P FE s as, 42 AL R P TR AR THRAS 21 =R
D7 ST W3R 1 R,
=1 HslkE
Table 1 Social income
Jiot
e
222701

HEE
280 724

PNk
[ 2 466 058

4.2 #ESRARITE

L5 1000 kV Al 500 kV & 7 T KL 251
H0.277%~ 0.7%, in HL 28 2 3 5 B 4y il ok
7.171 kV/m F1 1.457 kV/m, 75 )& B X A =200 0
25m Fl 14m, 38732055508
400 mm A1 375 mm, i FEE 735100 20 m #1113 m,
2 % 25 B Bk ) 0 0.15 /(100 km - a)
0.20 {X/(100 km-a) , & 1 kWh FFZ454E 310 g,
1000 kV f i ge i ae 2 500 kV i ae i
4.5 f5 ] L b, ARSCHL 4.5 6%, 4 98 [ AR 220 5T
gt 10 kWh K HUR FREFT2E 100 2] 116 A, A
THC 116 Ao i A iR ¢ RHAEKIZ
40 km, AREKIZHN 600 km, 454 TR E SZRRR Ak K
1B 60% 5K T, AR 40% R &, K
1.5 70/ m’ T AR PE LR IEAR S HER AR SR
() LA 25 AR PEAS FR ARV A 21 =Ry S 1 B4

FAINTE 2 PR o
%2 HERAE
Table 2 Direct social costs
)it
E UE %=
5 AR A 46 745 48072 46 494
BA OE S Y/NEE DS 7817 8 039 7759
s REdEE i A 35791 36 807 65 463
”bﬁ R GRS AL A 4312 4435 4280
e Je R A 78 041 80597 78 623
Tt BEEE AU A 4758 19726 4383
BA R A 18 148 18 662 23549
ANJi %ﬁm\}w 5505 5653 5443
R ﬁﬁﬁi‘w
BA iﬁm%%éﬁ}ﬁ}w 1565 4579 1018
PR A
ot 202682 226560 237012

MR RE 25 A A0 B 53 7 28 — () ] Wy gt
KT 52.5dB(A), i LN ILEAT B b B D E o 4%
Ber, g R6) A BB AC PR S A Y 205 7
JGs B T S B AR IE T EE 1 h A R A A
H, B far O 55 g S A X AL S B 0.4, IXFE



-16 -

&) &GS

A DR AR SCH A ) $ o AT AR v 545 21 1)
BAL S EAWE 3 P,
* 3 EEME

Table 3 Indirect social costs

Jiot
% — HE— HE=
A T gt 7 R g AR 0 205 0
AL SRR A 17 684 39774 8 839
Gt 17 684 39979 8 839

4.3 YW EHITMH
TR = Fh T 5 B AL AR S A e i R AT X
EEo AT, MO 4.1 55 4.2 TS0 Sits
FASPIAL 25 TS5 B A SCHE H AL 2 A PPAL B 1S
B 3 07 E T A LG N 4 Ps.
F 4 HHEHEHE
Table 4 Social benefit

JiJt
E UE UE =)
FARAIDFIN 220 366 266 539 248 496
e 2969 483 2969 483 2969 483
(iR e 2749 117 2 602 944 2723632

MK 4 W UE, Trs ST I %
AT =, RIS 2 A 3 A3 3 RS
SRR AL RAEANR], Ul W e By ey s L Y
R0k 2% A IEA T 20 73 A BE FL SRR (K DAL FEAL 22 1k
A, DAAEAR A AR O AR R AN ) 7 5 L BRI
Ao A Mk liead . w3 MOy sz R
HLBE BB o, A4S 3 s S NAL St AR TR o
XK 4 AL A A Sl aa 15 81 3 Fh O 5K
HEL e, Hrs WHEE S T %
CR= IR IR s LR 3 RO R
Ak 2 2an vl LA 07 5 R+ J5 S R =TI
TR AL s RENS 58 L2 b .

5 it

B Ry R S LR R TRE S B, ASCA AN
FRE, R i Hs R R AL e ROASPRAT HE bR A AL
SR VA TR AR AR, MR A S s (0 22 (A5 2
AR VPR EAY, SRJEXS 3 FhOT R A AE 2w it
AT PEPPAN 75 2Ry et B AR O 5 P 7 S B X
it a, Al DA RILL T 45

MIRGR REVR - RN Dy B85 4 Ay T i it
v s PR B AL S A PP FR bR R 2R, AT W
PR L A5 HLAR AR R P 5 TR S TR B Ak 2 A
PG TEAR AR, AIMALRS . MR Tk &
LR AL S A PP A AR, A PRI P A 5 T

AR PP TR AR, AT AR Gt 4 1 HAS 21

A2 AR VA

MEBI MR A% PPARRAY

RENS A RHA PP AR = s B AL s
5% 3Tk

[1]

(2]

[3]

[4]

(5]

(6]

(7]

KT, RIERIE. S MR i Hs L S AT IR PR 3R K N S
WE[I). WL RGP, 2013, 43(1): 109-114.
ZHANG Ning, LIU Jingkun. The ultra-high voltage grid
risk analysis and its assessment framework[J]. Power
System Protection and Control, 2013, 43(1): 109-114.
TR, kbiT, BIE. Zuhh KRG HvkE b
M2 PEPE BT FE[T]. WD R G R A, 2014,
42(4): 8-15.

WANG Xiaohui, ZHANG Lizi, CHENG

Economic analysis of pumped-storage unit in electricity

Shijun.

system with multi-type power sources[J]. Power System
Protection and Control, 2014, 42(4): 8-15.

MARK M G, BILL R. Economic evaluation of power
quality[J]. IEEE Power Engineering Review, 2002, 22(2):
8-12.

SRS, B, HEE IR T AR RS R VKK
WL g 2 PEPE LR ], O RGERYT S E], 2010,
38(13): 119-123.

ZHANG Yongjun, HUANG Hui, TANG Jie. Economy
comparison of line’s ice disaster cycle based on
non-sequential Monte Carlo[J]. Power System Protection
and Control, 2010, 38(13): 119-123.

B, EFE, XGRS AT i AR R R A
LB T I RGERS S, 2015, 43(3):
91-96.

YANG Hao, WANG Dan, LIU Dichen. Establishment of
UHV AC transmission model and economical
optimization strategy[J]. Power System Protection and
Control, 2015, 43(3): 91-96.

FREDR, FIRAR, Mads, 45 B PRH R PPAG Y
K] BB, 2009, 33(17): 1-7.

KANG Chongging, ZHOU Tianrui, CHEN Qixin, et al.
Assessment model on low-carbon effects of power grid
and its application[J]. Power System Technology, 2009,
33(17): 1-7.

O, Wi B R AT R A REUR AR A AT
JY[D). Abnt: 4l S K%, 2006: 48-55

DONG Litong. Research on the mechanism of RPS
executed in China[D]. Beijing: North China Electric



B %

s L P AL

SV T - 17 -

(8]

[9]

(10]

(11]

(12]

Power University, 2006: 48-55.

T, WG, R e A H e DR IE LEACIE S )], LMY
AR, 2006, 30(19): 7-13.

DING Wei, HU Zhaoguang. The research on the
economy comparison of ultra high voltage[J]. Power
System Technology, 2006, 30(19): 7-13.
HURAE. R A LU R (M. B
#t, 2013.

KW, ERR, ARAROC, AF. NI (5 VE T
S i fEL 2R I P T TR PR D, R R A%, 2015, 5109):
22-27.

LI Yongming, WANG Yugiang, XU Luwen, et al. Prediction
of audible noise for EHV transmission line based on grey
theory[J]. High Voltage Apparatus, 2015, 51(9): 22-27.
Wi, 48R, BREEW, 45 £800 kV ELUUAHHINIT
SR H IS T W P AR O FL AT D], e L,
2016, 52(8): 14-19.

YANG Tao, ZOU Anxin, CHEN Jianming, et al. Simulation

H ] HL D i

analysis for audible noise characteristics of +800 kV
transmission lines near the complex terrain[J]. High
Voltage Apparatus, 2015, 52(8): 14-19.

ATHEE, W, 6, 55, X AC UHV 4 HiZk Bt vy W
N TN N 20 BE AR D], R B R, 2009, 35(3):
451-456.

YU lJihui, YANG Yue, HE Jian, et al. Evaluation of

audible noise predicting formulas for AC UHV

transmission lines[J]. High Voltage Engineering, 2009, 35
(3): 451-456.

TRRME, B, FK, &, oF AN E MERTEC R &
Wi et S 2 TEVEL )] B RGR I S,
2015, 43(10): 30-37.

FENG Xinhua, LI Hongguang, ZHENG Xin, et al. Security

and economy evaluation of closed loop point of

(13]

distribution network considering uncertainty[J]. Power
System Protection and Control, 2015, 43(10): 30-37.
PRI, Flim ey, BOtR, S B TRDNI LS e
m&ﬁﬁﬁﬁ&n.%wﬁﬁﬁmawmﬁLm
LIANG Zhonghui, ZHOU Yuhui, GU Hongfeng, et al.

An approach to estimate power transmission interruption

[14]

cost based on fuzzy theory[J]. Power System Technology,
2009, 33(1): 71-74.

UrFSHEE: 2015-10-22;
{E& &

& FLQ1988-), F, MEHRA, ARFTEALA A
GiEATE 14|, W) A 4%, E-mail: gfwhu@139.com

2 E01977-), B, @BEHEH, R, mEAEFT,
R T e A e ) RREATH 28] ) 2SR AT,
E-mail: byronwu@whu.edu.cn

X% (1953-), %, i, #ax, A, £ 2
INEE ) ZAESMEIEH]. wh Ashlids. A FHRE
%7 & AR, E-mail: deliu@whu.edu.cn

(4hiE Bleis)

& HHF: 2016-01-07



